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1. INTRODiJCTlON 


Thla paper deseribea the development ota aelelUte design demonstration test 

Ket « me dldotromagnetlc pnlee (DEMPI 

^ ‘ approach is comprehensive in that it Includes 

Dule tSGEMpr discharge (BSD), system generated electromagnetic 

pulse (SdEMP). as well as DEMF. The comprehensive test Concept ic based on 
the s^Uar ty of the sateUlte's responses to the several environments. 

. u« f’LTSATCOM hardness demonstration apprbach vtas to test the 

qualification model spacecraft in the ARES facility to a simulated DEMP environ- 
ment. me revised test concept focuses on inducing the predicted effects from 

sever,! environments, rather than exposing the system to a simulatloh of only one 
or the environments. ^ 

)T T'"" ^"Viron. 

menl but also the effect of the environment. However, the alternate approach. 
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simulating the environment, also has risks. The compromises which are mode 
in the construction of simulators lead at best to an approximation of the desifcd 
environment. Thus, not only are simulators themselves approximations, but the 
cost associated with a sequence of tests at several different simulators will be 
large. It was decided to assess system survivability by using a sequence of effect 
simulations from the several predicted electromagnetic environments. 

The degree to which test objectives can be satisfied by an alternative test 
approach was fundamental In the test selection process. The purpose of these 
tests is to demonstrate proper operation while the system Is subjected to the pre- 
dicted effects of the environments. This "simple" objective was motivated by the 
fact that a complex sequence of subsystem responses and interactions constitute.-, 
"system operation." As long as the objective is satisfied, some liberties with the 
environmental simulation itself may be justified. I bis is particularly valid if 
environmental interactions lend themselves to fl-st order coupling analysis involv- 
ing some operationally passive subset of the total system (Faraday cage structure). 


2. SYSTtM OKSKJN FK,\Tl «KS 

Figure 1 depicts the major FLTSATCOM communication customers. 
FLTSATCoM is being built by TRW under SAM.SO contract, with the Navy acting 
as the funding and executive agehey. Both the Navy and the Air Force will enjoy 
the benefits from FLT.'5ATCOM capabilities. The Navy high priority Fi^TBROAD- 
CAST mode consists of a single (redundant) channel providing communication from 
command facilities to the fleet at large. Similarly, the Air Force is a.ssured a 
critical communication link with Its strategic forces. Both service.s are furnished 
an additional number of routine communication channels, the relay channels. 
Finally. FLTSATCOM provides a wideband channel intended for presidential 

communications. ^ 

FLTSATCOM’s construction features^ characteristic of a three -axis atabi ize 

spacecraft, are shown in Figure 2. Both receive and transmit antennas, as well 
as the solar panels, deploy after separation from the ATLAS-CENTAl’R launch 
vfehlcle. Thermal control of the vehicle is provided by second surface mirrors, 
paints, and multilayered aluminized mylar and kapton blankets. Significant for 
the following discussion Is the fact that the vehicle itself is constructed as a leaky 
Faraday cage. The lower, or equipment bay, internally separated from the upper. 
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Figure 1. rLTSAtCOM Communications Customers 
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of payload bay by a shelf, bbn^ists of hdheycomb pahdU ahd a tltahlum lined 
rodket rnotdr acting as cldSe-dut tot electfoma/pietld signals, 'The payload bay, 
housing the transhUttefs and necelv’ers, la fofmed by the sepafating shelf, slinl- 
laf honeycbtnb sidepanels and the antenna center dish (Connected via four 
braided groundstfapa to the panels). Primary areas of concern from a spacecraft 
charging point consist of the solar panel surfaces and the dielectric surfaces of 
the thermal blankets and mirrors covering the sides. Major points of entry for 
electromagnetic energy are the solar boom penetration points and the thermal 
blanket covered area between the spacecraft body and the large UHF antenna. 

3. TEST DEVELOl*llE%T CONSlDtRVtlOSS 

Figure 3 illustrates the significant electromagnetic environments. Electro- 
static discharge results from-.lhe build up of electrons on the surface of dielectrics 
such as the thermal blankets. When the eieCtrlc field builds up to the materials 
breakdown strength, an arc occurs through or at an edge or corner of the thermal 
blanket. In response to a DEMP, structural currents are e^tlted by the incident 
electromagnetic wave. In addition, when the spacecraft antennas are tuned to 
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freqtteiiciea pteaent In the DfiMt* 6\ihi*ema afe coupled dlccctl; into 

the cOBftiftOnlcatlonS electronics. The^e are at least thfeis modes of SCEMP 
response: eitternal replacement cttrrents, direct injection currents on cables, 
and internal cavltjr fields. Figure 3 Shows the external replacement currents 
caused by the redistributlon-of electrons on the spacecraft, incident photons 
liberate electrons causing a charge imbalance which must be equilibrated. Direct 
injection currents result from the interaction of photons with Cables. These latter 
currents will donunate In a well rf shielded system. 

For the different environments, key common parameters used to develop a 
comprehensive test are summarized in Table 1. Note in particular the fact that 
no requirement to design for the spacecraft charglng/discharglhg environment 
had been placed on the contractor. Note also that the environment now generally 
accepted to result in the smallest coupled currents was a design requirement, 
and the only environment against which the design Was to be tested. Peak currents 
estimated to flow on external surfaces are summariied for each environment. The 
cable core current from direct photon deposition fcable Injection) is listed sepa- 
rately. Also given are the test facilities which were considered. The confidence 
statements express not only the degree to which coupling estimates were considered 
valid, but say something about the difficulties anticipated in conducting each test 
(measured both by the effort required to develop the test technique, and by the 
degree Of design streSs evoked by each test). 

Table 1. summary of Phenomenology and Program Cc isiderations 


Environment 

Requirement 

Primary Re- 
sponse/ Levels 

Test Beds 

Confidence 

DEMP 

Design/ 

Verification 

Field Coupled 
Skin Currents 
Id A/ Long 

ARES Skin 
Injection 

Good 

SGEMP 

Design 

Skin Currents 
200 A /Short 

Photon 
Sburoe (Lo>v) 

Good 



Direct Injec- 
tion 10 A /Short 

Cable injection 


S/C Charging 

None 

Skin Currents 
50-1000 A/Med 

Are Discharge 
Skin injectibn 

Fair 
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U the cohtehtloh that the l^LTSAtCOM design affords i^ignlfichnt shielding 
f^om externally induced environmental effects is valid, it remains Only to demon- 
strate design ade£}uaey to the relatively large photon direct injection currents. 

ests exposing Cables to a low energy photon soUrCe have demonstrated that our 
estUhates of this effect are good to a factor of probably tWo. Since the effects 
from these environments will result in transients on cables, It is efficient to 
couple transients directly to the system Via the cable harness of the operating 
qualification model spacecraft. Whether it is necessary to couple currents to the 
entire harness simultaneously, or whether a systematic investigation of all inter- 
connections, or even a sample Of those, is adequate, depends a great deal on the 
functional autonomy of the boxes linked by the cables and the similarity of the 
circuits used throughout the System^ 

It is necessary to verify the assumption that the vehicle does provide good 
shielding. This is best done by inducing sklh or structure currents and Verifying 
that the cable response is as low as predicted, or at least lower than what will be 
used during the cable harness direct injection tests. 


4. SklN/STRlICTLiRAL CURRENT ESTIMATES 

Two aspects of the ele^'«*romagnetlc environments have beeh studied in order 
to describe the Spacecraft's response. The first aspect, particle kinematics, 
permits the description of a driving function for each environment. The Second 
aspects, lumped element modeling, incorporates the drivers into an equivalent 
electrical circuit for the spacecraft. 

Lumped element electrical circuits of the spacecraft have been created for 
the various environments. These consist of resistors, capacitors, inductors and 
Sources, and have varied widely in complexity. A model of the spacecraft for 
SCEMt^ response Is shown in Figure 4. The spacecraft has a capacitance to 
infinity for each of the selected nodes. The nodes are connected by inductances to 
a number of nodes since phase delay effects will be important. Space charge 
limited current drivers from the solar panel are Connected in parallel with the 
capacitance to infinity to represent the loss of electrons. 

Using the models described above, estimates have been Obtained for the 
DfiMP, SCiEMP, and ESD surges. Various groups have computed the response and 
because of differences in modeling assumptions the results vary somewhat. The 
composite results are plotted In Figure 5. ^ The high frequency characteristic 
e^diiblted by the SGEMP reflects the short rise time of the x-ray pulse, and the 
low frequency content is due to the unipolar time history of the pulse. The DEMP 
has a low frequency cutoff due to ionospheric absorption of the low frequencies. 
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S. COUPUiUUPPROACIIKS 


TWO test technitiues are beiitg develojjed to simulate the SGfiMP and ESD 
coupled skin currents. A parallel effort is investigating simulation of direct 
Injectloh into tables. The technique for driving SGEMP replacement currents was 
suggested by Mangan, etal. ^ There are two virtues of the technique. One, the 
technique requires no direct electrical connection to the spacecraft. Two, the 
technique produces surface current responses that agree favorably with SGEMP 
predictions. In the technique, plates are used to capacltiVely couple currents to 
the spacecraft structure. The spacecraft is dielectrically isolated from ground 
by use of a wooden support structure. Figure 6 Shows the skin injection test setup. 
The functional performance of the spacecraft will be monitored through the tele- 
metry and communications links. This diagnostic approach maintains the dielectric 
isolation from ground. Additional response data will be collected on external boom 
and internal spacecraft cable currents. These measurements will be made with a 
microwave data link which uses dielectric waveguide to couple the modulated 
X band carrier. 



Figure 6. Skin Injection Tests (SGEMP/ESD) 
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A simplified electrleal circuit of the replacemehl CUrfertt drive technique is 
given in Figure t. Either one or two drive plates can be used depending on the 
mode to be simulated. The capacitance between the drive piate(s) is charged to 
approximately 60 kV. A triggered spark gap is Used to discharge the capacitor 
through the 200fl resistor to ground. Upon discharge, a boom current will fl -v 
and depending oh Whether one or two drive plates are used, the spacecraft sym- 
metric or antisymmetric mode will be stimulated. 

The test setup pictured ort Figure 6 will also b6 Used for the arc discharge 
simulation. Spacecraft Isolation is required and will be afforded by a wooden 
support, the radiating telemetry and communications links, and the dielectric 
waveguide coupled microwave transmitters to measure currents. The major dif- 
ference between the two tests is the method of simulating the environment. The 
arc discharge driver provides more localized coupling. The simulation will be 
used to Induce discharge currents at a number of different locations around the 
spacecraft while harness bundle currents and functional performance are moni- 
tored. A sheet of copper foil will be placed over the dielectric material to simu- 
late the layer of electrons which would be collected in the space environment. The 
copper foil will be charged to a voltage near the predicted breakdown level with 
respect to spacecraft structure. The discharge will be created by a triggered 
spark gap at representative arC location. An equivalent Circuit for the arc dis- 
charge simulation is shown in Figure 8. Figure 9 is a waveform obtained on a 
prototype of the pulser to be used during the FLTSAlCOM tests. Thfe waveform 
characteristics are controlled by the area of the copper foil (capacitance), lead 
inductance, and the discharge resistance. 

The third type of test which will be performed during the FLTSATCOM test 
program will simulate SGEMP direct injection currents. These tests differ from 
the replacement current and arc discharge tests in that dielectric isolation is not 
required. Currents will be injected directly onto the spacecraft signal lines inside 
the cable shields simulating the SGEMP direct injection mode wherein the shielding 
does not provide any protection. This will be the severest test of spacecraft hard- 
ness to upset and permanent damage since, based on predictions artd test data, the 
injection levels will be on the order of amperes.'* The coupling method into space- 
craft signal lines is shown in Figure lO. 
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Figure «. Equivalent Circuit for ARC Discharge technique 
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Figure. 10. Direct Injection Coupling Technique 


6. Sl'MMARY 


-‘“'■-IbM , test program «hlch wlU ,ar»a e™,„a,a . apacaoraft 

orel«ri tr, " »' «f »■« 

P Pgram la tha ipjactioa of skip ourraala onto tha goalWaatlon model spacaaraft 

Aut^ rnf !T‘ ““ 

PU^ direct ipjectlpp currenta are eapeetad tp be the dominant coppllng mech 
am. this assumptlpn , 1.1 be confirmed b, measurhig harness currepta dn'l^'h 
skta l^ectlon tests simulating ckterpal DEMP. SCEMP, and ESD effects The 
tests have t«o algnlflcapt characteristics. First, the spacecraft .11. be 'live L 
operati ng SP that performance anomalies ,111 be detected at the sjstems level, 
^ond .he effects of the photon and electron environments ,111 be Induced no 
attempt will be made to refcr«ate the environment Itself. 







Rjelet«nce8 


1. Webb, R.M. g&76) Mlnutea 6f FLTsAtCQM Spacecrah Charging Meeting. 

4733.76-45, TRW Defense and Space Systems Croup. 

2. Mangan, D.L., and Perala, R.A. (1&75) Satellite SGEMP Surface Current 

stmulatlort Techntduea . AMRC-R-50, Mission Research Corp. 

3. Sheppard. T.j. <l&76> Electromagnetic ExcitaUgn by capt^citlvely Coupled 

Current Injection . 27228-3003 -RU-00, TRW Defense and Space Systems 
croup. 

4. Fltzwllson, R.L., 6t al (1&75) Radiation induced currents In shielded multi- 

conduCtO" and semirigid Cables, IEEE!. Trans, on rtuclCai* Science 21(No. 6) 
2t6-jJ83. 


